Abstract. A double-blind, placebo-controlled, treatment trial was conducted in Sichuan, China to investigate the unique and combined effects on the cognitive function (working memory) of children after treating geohelminth infections with albendazole and treating Schistosoma japonicum infection with praziquantel. One hundred eighty-one children 5-16 years of age participated. At baseline, the praziquantel and placebo groups were similar in all background characteristics. Three months after praziquantel treatment, there was a significant reduction in the prevalence and intensity of S. japonicum infection. There were significant age group by praziquantel treatment interaction effects in three of the five cognitive tests, Fluency, Picture Search, and Free Recall, with effects being strongest in the youngest children (5-7 years old). Exploratory analysis within the youngest children showed a significant positive main effect of treatment on Fluency (P Ͻ 0.001), after controlling for sex, anthropometric, and parasitic and iron status. There was also a treatment by height-for-age interaction (P ϭ 0.03) and a treatment by iron status interaction (P ϭ 0.024) on Fluency. There was a treatment by S. japonicum intensity interaction (P Ͻ 0.001) on Free Recall, but the main effect of treatment on Picture Search was not significant (P ϭ 0.058). Younger children and those who are physically the most vulnerable are likely to benefit the most from the treatment of S. japonicum infection in terms of improved performance on tests of working memory.
Several studies have shown that moderate to heavy parasitic helminth infections of children are associated with lower scores on tests of cognitive function and of educational achievement than children who are uninfected or lightly infected. [1] [2] [3] [4] [5] [6] [7] The specific effects on mental function are not clear and may depend not only on the duration and intensity of infection but also on the species of parasitic infection and whether or not the parasites are present as single or multiple species infections.
The specific cognitive domains that are associated with parasitic infection have not been clearly defined but could be important for understanding the implications of the effects on children's educational achievement and development. For example, it was observed that performance on tests of reaction time was associated with Ascaris lumbricoides infection (Watkins WE, Pollitt E, unpublished data), whereas Levav and others 8 found that infection with A. lumbricoides was associated with poorer performance on tests of verbal ability.
One cognitive domain that has been investigated in several studies with differing results is that of working memory. Working memory refers to a brain system that provides temporary storage and manipulation of the information necessary for more complex cognitive tasks such as language comprehension, learning, and reasoning. 9 The working memory model is composed of three main parts: an attentional controller/central executive supplemented by two subsidiary systems called the phonological loop and the visual-spatial sketchpad. The phonological loop is assumed to be responsible for maintaining speech-based information. The visualspatial sketchpad is assumed to perform a similar function in setting up and manipulating visuospatial imagery. The central executive is a type of attentional controller. Within the central executive there is also a supervisory attentional system for maintaining goals and resisting distraction by stimuli that might otherwise trigger some other behavior that is conflicting. 9 Boivin and Giordani 10 observed that children treated for hookworm infection and iron deficiency did worse on tests of memory and of mental processing than uninfected untreated children. In addition, Nokes and others 4 and Simeon and others 6 found improved performance on tests of working memory (Fluency for both studies and Digit-Span for the former) among children treated for moderate to heavy Trichuris trichiura infections compared with uninfected children or those who received a placebo. On the other hand, Kvalsvig and others 11 in a cross-sectional study found no effect of infection on tests of memory although they did find differences in tests of sustained attention between children with polyparasitic infections (including Schistosoma spp. and geohelminths) and those with single or no infection. Finally, Sternberg and others 12 found no effect of treatment on cognitive function but did find a baseline association between working memory (Digit-Span) and analogic reasoning with T. trichiura infection.
One explanation for the lack of consistency between studies in the types of cognitive domains affected by or associated with helminth infection is that different parasitic species have different physical or clinical effects, which in turn effect different cognitive functions. For example, iron deficiency anemia has a particularly strong link with impaired cognitive functioning in primary schoolchildren [13] [14] [15] [16] and is a common component of the clinical picture of hookworm disease, 17 S. japonicum infection, 18 and intense trichuriasis. 19 Low height-for-age (stunting) has been associated with poorer performance in tests of cognitive function, 20 mental development, 21 behavior, 22 and educational achievement, 23 and is also a feature of intense trichuriasis, 19 ascariasis, 24 and S. japonicum infection. 25 Low weight-for-age (wasting) and low weight-for-height, two common consequences of A. lum- bricoides and schistosome infection, 24, 25 have also, although more rarely, been associated with poorer performance on tests of cognitive function and school achievement. 26 This evidence suggests that intestinal helminth infections could have a detrimental and differential effect on children's performance on tests of cognitive function.
A study was conducted in Sichuan Province in the People's Republic of China with the original aim of investigating the unique and combined effects of treating S. japonicum and other geohelminth/nematode infections on cognitive function in general and specifically on working memory. However, owing to the high levels of infection with A. lumbricoides and T. trichiura infections at the time of the follow-up, in spite of receiving treatment, the paper focuses on the benefits to children's cognitive function of treating S. japonicum infection.
MATERIALS AND METHODS
The study on infection and cognition was a subcomponent of a larger World Health Organization multicountry trial on the efficacy and toxicity of multidrug chemotherapy for polyparasitism (S. japonicum and geohelminth infections). 27 The study was conducted in Meishan County, Sichuan Province, approximately 50 miles southwest of Chengdu, China in 1993. A total of 181 children were recruited to the cognition component of the study. Children were selected if they were infected with S. japonicum, attending school in Meishan County, Sichuan Province, and 5-16 years of age.
A double-blind, randomized, placebo-controlled treatment trial was conducted with the aim of investigating the unique and combined effects of giving treatment for geohelminth infections and S. japonicum on children's cognitive function. Children participating in the study were originally assigned to one of four treatment groups: A) praziquantel treatment and albendazole treatment, B) praziquantel treatment and albendazole placebo, C) albendazole treatment and praziquantel placebo, and D), albendazole placebo and praziquantel placebo.
To investigate the effects of treating S. japonicum infection with praziquantel, the groups were collapsed into two: 1) praziquantel treatment-groups A and B above and 2) praziquantel placebo-groups C and D above. Similarly to investigate the effects of treating T. trichiura and A. lumbricoides infection with albendazole, the groups were collapsed into two: 1) albendazole treatment-groups A and C above and 2) albendazole placebo-groups B and D above.
Praziquantel was given as a 60 mg/kg weight split dose, 3 hr apart, for the treatment of S. japonicum infection. Albendazole was given as a 400 mg single dose for the treatment of T. trichiura, A. lumbricoides, and other geohelminth infections. Praziquantel and its identical placebo tables were supplied by E. Merck Pharmaceutical Division (Darmstadt, Germany) and albendazole and its identical placebos were supplied by SmithKline Beecham (Brentford, United Kingdom). All drugs and placebos were supplied through the World Health Organization, Drug Development Office (Geneva, Switzerland).
At baseline, the cognitive function, parasitic infection status, age, sex, and anthropometric status was assessed for each child participating in the study. Three months later (90 days), the cognitive and parasitologic assessments were repeated on the same children and by the same testers. At the end of the study, infected children were treated with one or both drugs as needed based on the detection of eggs in the stool.
Tests of cognitive function. The tests of cognitive function chosen for the study were Fluency, Digit-Span Forwards (part of the Weschsler Intelligence Scale for Children 28 ), Corsi Block, Picture Search, and Free Recall. A detailed description of each test and the function it measures is given in Appendix 1.
The tests met the following criteria: 1) they had been shown in previous studies to be sensitive to the effects of helminth infections or related conditions such as hunger, undernutrition, or iron deficiency anaemia; 2) they could be culturally adapted to use in developing countries 29 and to the Chinese context; 3) they were demonstrated to have good test-retest reliability (r Ͼ 0.70) ( Table 1 ); 4) they measured different components of working memory. 9 The battery of tests took approximately 30 min per child to complete. Children were tested individually, in a quiet room away from the schools. Two testers who were both Chinese gave the tests. To ensure the test conditions were similar at baseline as at follow-up, children were tested by the same tester, at approximately the same time of day, and in the same room for both test sessions significant visual distractions such as pictures were removed from the test room. All children received a snack and a drink before testing to ensure they were not hungry during the test since hunger has been shown to affect cognitive function. 30 Confounding/mediating variables. Several confounding and/or mediating variables were measured, the following of which were of particular relevance to the study of the effects of helminth infection on cognition. Children's date of birth was recorded from the school register. Children's sex, class, and school attended was also recorded. Parasitic infection status was measured using the Kato-Katz thick smear technique. 31 Two stool samples were collected from each child participating in the study and slides were prepared in duplicate. The total number of eggs of S. japonicum, A. lumbricoides, T. trichiura, and any other parasite/helminth species seen on each slide was counted. The number of eggs was multiplied by 20 and averaged among four slides to calculate the number of eggs per gram (epg) of feces. A random sample of 10% of the slides were examined a second time to check for accuracy of egg counts.
The following anthropometric measurements were taken for each child. Weight was measured using a balance scale.
Height was measured using a portable anthropometer. Subscapular, umbilical, and triceps skinfold thickness was taken using Lange skinfold callipers. The skinfold measurements were totalled to get an overall measure of each child's body fat. Height-for-age (HAZ) and weight-for-age (WAZ) zscores were calculated from the National Center for Health Statistics reference values using Epi-Info version 6.02 software (Centers for Disease Control and Prevention, Atlanta, GA). Body mass index (BMI), which is the weight in kilograms divided by the height in meters 2 , was also calculated.
The iron status of children was assessed by measuring fluorimetrically the concentration of hemoglobin in venous blood using a portable hemoglobinometer (Hemocue, Ltd., Sheffield, United Kingdom), which was checked daily against its own standard. 32 Informed consent was obtained from the children participating in the study and their parents. Ethical clearance was obtained from the World Health Organization, and the Institutional Review Boards of the sponsoring institutions in China and Brown University. National clearance was obtained within the People's Republic of China.
Data analysis. The effects of giving treatment with albendazole or placebo (groups A ϩ C versus groups B ϩ D) and the effects of giving praziquantel treatment or placebo (groups A ϩ B versus groups C ϩ D) on the prevalence of infection were examined within treatment groups using chisquare. The effects on the intensities of infection were examined within treatment groups using the Wilcoxon matched pairs signed rank test after log transformation of the egg count data.
To investigate at baseline group differences in children who received praziquantel treatment or placebo, Student's ttests were used for all normally distributed variables (Fluency, Free Recall, Digit-Span, and Corsi Block, anthropometric measures, iron status and age). The Mann-Whitney nonparametric equivalent was used to compare variables that were not normally distributed (Picture Search). Chi-square was used to compare group differences in sex, school, and the proportion of stunting, undernutrition, and anemia.
To investigate the benefits of treating S. japonicum infection to children's cognitive function, the following analyses were conducted. 1) Bivariate analyses were used (Student's t-test and Mann-Whitney test for the Picture Search test) to compare scores on the cognitive tests at baseline and at follow-up and to compare changes in scores from baseline to follow-up on each of the cognitive tests between children who received praziquantel treatment or placebo. 2) Multiple linear regressions were used to investigate the benefits of giving praziquantel for treating S. japonicum infection to children's performance on each of the cognitive tests so that confounding variables could be controlled for and the effects of mediating variables and interactions explored. The regression models were constructed and developed as follows. Initially, a treatment effect for all children was investigated. The model was cognitive test score at follow-up as the dependent variable adjusting for score at baseline, treatment, sex, age group, and a treatment by age group interaction.
If there was a significant treatment by age group interaction, the effects of treatment were explored further within the particular age group in which the effect was observed.
The age groups were defined as 5-7 years, 8-11 years, and 12-16 years.
The models used to investigate a treatment effect within the age group of interest were cognitive score at follow-up as the dependent variable and adjusting for sex, praziquantel treatment, or placebo (categorical variable), the intensity of infection with S. japonicum (offered as a categorical variable below or above the median of 30 epg), iron status (hemoglobin above or below the median of 11.7g/dL), one of the anthropometric indices (height-for-age above or below the median z-score of Ϫ1.7 or weight-for-age above or below the median z-score of Ϫ1.4 or body mass index or sum of skinfold thickness), and the intensity of T. trichiura and A. lumbricoides at follow-up (log epg) since the intensity of infection was different for half of the children who had also received albendazole treatment. The effects of each of the anthropometric indices were investigated in separate models because they were highly correlated with each other. Finally, one of the following interaction terms was included in the model: S. japonicum intensity ϫ treatment, or iron status ϫ treatment, or either height-for-age ϫ treatment or weight-forage ϫ treatment depending on which anthropometric index was under investigation in the main model. Analysis of the residuals for each multiple linear regression model was conducted to check the models were valid.
As with all experimental trials, there is the possibility that mere chance may be responsible for a particular significant difference. While there are many statistical methods available to correct the P values for the number of tests performed, 33 we have reported unadjusted P values to allow the reader access to the raw test results independent of a specific correction method. Agreement with previous findings of a significant difference increases confidence in a conclusion but an unexpected finding at the borderline of significance may well be attributed to chance. The SPSS (version 7.0; SPSS, Inc., Chicago, IL) or Stata (version 5.0; Stata Corp., College Station, TX) were used for all statistical analyses.
RESULTS
A total of 181 schoolchildren were recruited into the study from five primary and one secondary school in Meishan County. The children were 5-16 years of age with a mean Ϯ SD age of 10.5 Ϯ 2.87 years and 75 children (41%) were female.
All children were infected with S. japonicum; however, the overall intensity of infection was low. The prevalence of infection with T. trichiura and A. lumbricoides was high and present in 79% and 80% of children, respectively, although again the intensity of infection was generally low (Table 2) .
Of the 92 children who received praziquantel treatment, 39 also received albendazole treatment and of the 89 children who received praziquantel placebo, 44 also received albendazole treatment. Neither drug affected the cure rate of the other drug. 27 Albendazole treatment did not result in any significant reduction in the prevalence of either T. trichiura or A. lumbricoides infections or in any significant reduction in the intensity (epg) of T. trichiura infection. However, albendazole treatment did lead to a significant reduction in the intensity of infection with A. lumbricoides (P Ͻ 0.001; Table TABLE 2 The effect of albendazole and praziquantel treatment on the prevalence and intensity of helminth infection* * IDA ϭ iron deficiency anemia; NCHS ϭ National Center for Health Statistics. † There were no significant differences between the treatment and placebo groups (P Ͼ 0.05). ‡ Total skinfold thickness is the sum of three skinfold measurements taken (subscapular plus triceps plus umbilical). among the total sample (n ϭ 181) were not significant (P Ͼ 0.05).
† Change P Ͻ: Student's t-test to compare the change in score from baseline to followϭup in the praziquantel treatment group and the placebo group. NS ϭ not significant.
2), and there were significant differences in the prevalence and intensity of infection between the albendazole-treated and placebo groups at follow-up. Since the prevalence and intensity of T. trichiura infection at follow-up were the same as at baseline and the prevalence of infection with A. lumbricoides infection was also similar to the level at baseline, this may explain why there was no effect of albendazole treatment on any of the test results of cognitive function. Thus, the original aims of investigating the unique effects of giving albendazole treatment or the combined effects of giving albendazole and praziquantel treatment on children's cognitive function could not be justifiably explored any further. Therefore, the rest of the paper presents only the results of analyzing the effects on cognition of treating S. japonicum with praziquantel. At baseline, there were no significant differences between the children (all age groups and also within the younger age group) who received treatment with praziquantel or a placebo in terms of their age, sex, anthropometric, iron (Table  3) , or parasitic infection status (Table 2) . However, the older children had a significantly lower height-for-age and weightfor-age when compared with the younger children whereas the younger children had a significantly lower body mass index and total skin-fold thickness. There was no significant difference between the age groups in terms of their parasite infection status or iron status.
Treatment with praziquantel reduced the prevalence of infection with S. japonicum by more than 90% and resulted in a highly significant reduction in intensity of infection (Table  2) . Within the younger age group, there was a 100% cure rate of S. japonicum ( Table 2) .
The results of the bivariate analyses in which all children were included showed no significant improvement in performance on any of the cognitive tests after receiving praziquantel treatment (Table 4) . However, analysis of the youngest age group (5-7 years of age) suggested that praziquantel treatment leads to an improvement in performance on the tests of Free Recall and Fluency (Table 4 ). This was demonstrated by the significant difference in the score on Free Recall at follow-up (P ϭ 0.022), which was not present at baseline (P ϭ 0.37) and the significant improvement in score from baseline to follow-up (difference in score ϭ follow-up minus baseline) on the test of Fluency (P ϭ 0.02).
The results of regression analyses with all children showed that there was a strong effect of age on overall performance and that after controlling for initial cognitive score, there were treatment by age group interaction effects for the tests of Fluency (P ϭ 0.009 and P ϭ 0.062), Free Recall (P ϭ 0.018 and P ϭ 0.014), and Picture Search (P ϭ 0.017 and P ϭ 0.009). For each interaction, the results showed that the treatment effect was strongest in the youngest age group (5-7 years). Thus, further exploratory multiple linear regression analyses within the youngest age group were conducted for these tests. For the tests of Digit-Span and Corsi-Block, there were no treatment by age interaction effects, so no exploratory analyses by age were conducted. The results of the exploratory regression analyses within age group 5-7 years for the tests of Fluency, Free Recall, and Picture Search are summarized in Table 5 .
On the test of Fluency, there was no main effect of treatment in which children who received treatment improved significantly more than those who received placebo after controlling for initial test score, sex, and baseline levels of iron, S. japonicum intensity, and height-for-age and followup intensities of infection with T. trichiura and A. lumbricoides. However, there was a significant treatment by heightfor-age interaction effect (P ϭ 0.03; Table 5 and Figure 1A ) and a significant treatment by iron status effect (P ϭ 0.024; Table 5 and Figure 1B) , and analysis of the coefficients and the mean scores showed that treatment benefited the children most who initially had a lower height-for-age or a lower iron status.
On the test of Free Recall, there was no main effect of treatment after controlling for initial test score, sex, and baseline levels of iron, S. japonicum intensity and heightfor-age and follow-up intensities of infection with T. trichiura and A. lumbricoides. However, there was a highly significant treatment by S. japonicum intensity interaction effect (P Ͻ 0.001; Table 5 and Figure 1C) . Children who at baseline had a higher intensity of infection benefited from treatment more than the children who were initially more lightly infected.
On the test of Picture Search, the main effect of praziquantel treatment was not significant (P ϭ 0.058; Table 5 ) although there was a tendency for children who received treatment to improve more than those who received placebo after controlling for initial test score, sex and baseline levels of iron, S. japonicum intensity and height-for-age and follow-up intensities of infection with T. trichiura and A. lumbricoides.
DISCUSSION
The results from this study suggest that as a consequence of giving praziquantel treatment for S. japonicum infection there are significant improvements in cognitive function test scores and that these benefits are observable only three months after treatment. The results also raise three important issues: first, that the effects were significant on the central executive components of working memory and of borderline significance on focused attention; second, the children who were physically the most vulnerable were the ones likely to benefit the most from treatment; and third, that the effects were observed only in the youngest children 5-7 years of age. While the children participating in the study had polyparasitic infections, we consider the improvement observed in cognitive function test scores were due mainly to the treatment of S. japonicum infection and not A. lumbricoides or T. trichiura, in spite of the fact that half the children who received praziquantel also received albendazole. The reasons for this are the intensity of T. trichiura and A. lumbricoides infections at follow-up (after treatment) were controlled for in the regression analysis and did not significantly predict cognitive test scores; among the younger age group as a whole who received praziquantel treatment, there was no significant reduction in the intensity or prevalence of A. lumbricoides and T. trichiura; and because no effect on cognition of giving albendazole treatment alone was observed possibly because of low cure rates.
The test results that improved as a consequence of treating S. japonicum infection were Fluency, Free Recall and less so, Picture Search. The common link among these three tests is that they all represent components of working memory, specifically the central executive. 34 While Fluency is also a measure of long-term semantic memory, a change over three months resulting from S. japonicum treatment is unlikely to reflect a substantial increase in the number of words children acquired, and thus more probably reflects the operation of the central executive. 35, 36 In the case of Free Recall, which is principally regarded as a measure of long-term memory, if S. japonicum infection were affecting the central executive of working memory this could lead to a reduction in the amount learned. 37 Finally, effects of S. japonicum infection ← tively; thin dotted line ϭ placebo group above median HAZ and Hb levels, respectively. C, thick full line ϭ treatment group above median intensity of infection; thin full line ϭ treatment group below median intensity of infection; thick dotted line ϭ placebo group above median intensity of infection; thin dotted line ϭ placebo group below median intensity of infection. FIGURE 1. Mean cognitive test scores for those tests on which a significant praziquantel treatment by nutritional status or treatment by parasitic infection status interaction was observed. A and B, thick full line ϭ treatment group below median height-for-age (HAZ) and hemoglobin (Hb) levels, respectively; thin full line ϭ treatment group above median HAZ and Hb levels, respectively; thick dotted line ϭ placebo group below median HAZ and Hb levels, respecon the Picture Search task could also be related to the executive system of working memory and children's capacity to focus attention. 34 In contrast, the tests of Digit-Span and Corsi-Block, which respectively represent the phonological loop and the visualspatial sketchpad components of working memory, respectively, did not in this study show a significant improvement following treatment of S. japonicum infection. This result was unexpected partly because these are tests, in which the children in general performed particularly well, but also because the Digit-Span test has been shown to be affected by T. trichiura 4, 12 and both the Digit-Span test and a test of spatial memory has been shown to be affected by anemia and hookworm infection. 10, 38 Thus, on the one hand, the results from this study lend further support to the theory that working memory is affected by helminth infection yet on the other, it suggests that more studies are needed if we are to arrive at any consensus as to whether it is the central executive or the phonological and visual-spatial sketchpad components of working memory that are affected.
It is not understood why working memory as opposed to other cognitive domains should be affected by helminths but one explanation could be that some of the working memory tasks, and in particular the central executive, involve the frontal lobe part of the brain, 39 and this is a part of the brain which seems to continue developing up to adolescence 40 during the time when children are most likely to be infected with helminths. Whatever the mechanism, it is important that working memory may be one of the cognitive domains that is affected by helminth infection and that can show rapid improvements following anthelmintic treatment. Effects on working memory could have broader implications for the educational achievement and development of a child, not least because of the underlying association with complex real-world tasks such as reasoning ability and reading comprehension. 41 The results from this study also suggest that it is the more vulnerable children who are likely to benefit most from treatment for S. japonicum infection. The interaction effects with treatment indicated that it was children who were more heavily infected with S. japonicum (Ͼ median of 30 epg), or who had lower hemoglobin levels (Ͻ median of 11.7g/dL) or who were more chronically undernourished (height-for-age Ͻ median of Ϫ1.7) who benefited the most from treatment. This is analogous to the findings of Simeon and others, 5, 6 in which after treatment for T. trichiura infection, children who were initially the most heavily infected or the most undernourished (weightfor-age Ͻ Ϫ 2 SD) showed the greatest improvement in Spelling and in Fluency test scores, respectively.
Benefits to cognition from treating S. japonicum infection were observed only in the youngest schoolchildren between five and seven years of age and not in the children 8-16 years of age. This may be because the low intensity of infection in this community was insufficient to affect the older children. Since the younger children were not significantly more undernourished or more heavily infected than the older children, their relatively smaller size, body mass, and total body fat may make them physically more vulnerable or susceptible to the effects of S. japonicum infection.
It may also be that the effects on cognition of S. japonicum infection in the younger children are less likely to have been influenced by the possible buffering or confounded effects of schooling. For example, the ability of children to realize an improvement in cognitive potential resulting from praziquantel treatment is dependent not only on their physical health and children's own cognitive skills, but also on their social, economic, and school environment. These physical and environmental influences on cognition and cognitive development may be acting simultaneously as described in the Cognitive Activation Model. 42 While anthelmintic treatment may lead to improvements in performance on working memory tests and also children's potential to learn at school, if little is being taught in the schools the full benefit of treatment may not be attained. However, the reverse explanation is also plausible whereby in situations where schools are providing a good educational environment to children, any effects of infection on children's working memory could be buffered. We might speculate the latter was what we observed in this study, that the effects of S. japonicum infection on working memory were buffered in the older children perhaps because of the good school environment, whereas in the younger children who had attended school for only two or fewer years, the benefits from treatment of S. japonicum were more measurable.
The likelihood of finding an effect of treating S. japonicum infection on cognitive function in this study was considered to be low because of the low intensity of S. japonicum infection 43 and because, owing to a combination of poor cure rates and reinfection over the 90-day period of follow-up, 27 children were still infected post-treatment with T. trichiura and less so with A. lumbricoides. Therefore, it is possible that the same study design in a higher transmission area with more efficacious treatment would show stronger effects. However, that benefits were observed even in these circumstances suggests that treating infection even in low prevalence and intensity areas may be beneficial.
The pathways linking ill health due to helminth infection with poorer cognitive function and/or development are clearly complex and interrelated. (For a detailed discussion on possible mechanisms see the article by Watkins and Pollitt. 44 ) While this study has shown that praziquantel treatment may improve performance on cognitive tests in the short-term, particularly among those individuals who are the most vulnerable, it may not be adequate by itself to reverse any longterm adverse effects that may have accumulated. Other risk factors associated with helminth infection such as general undernutrition, poverty, and lack of environmental stimulation imply that the provision of treatment alone to improve cognition and ultimately school performance may be too simplistic. Indeed, the benefits of providing nutritional supplementation in addition to psychosocial stimulation have been proven to be greater than giving either one alone. 21 A popularly held view within the literature on iron deficiency anaemia and child development 14, [45] [46] [47] that appears to be supported by available evidence is that enriched education programs and programs that foster families' ability to support the child's development should be provided in addition to iron treatment. This view may also be relevant for school health programs that aim to improve children's physical health and education through the provision of anthelmintics.
While the benefits of educational and stimulation programs are recognized, these types of programs are substantially more complex and expensive than programs aiming to deliver anthelmintic treatment to schoolchildren.
School health programs such as that of the Partnership for Child Development (PCD) have shown that governments can deliver anthelmintics to children through the schools relatively simply and inexpensively. 48 (The PCD is a consortium of government agencies, institutions, and donors that seeks to assess the cost and effectiveness of school-based services, including deworming, as means to improve the health and education of school-age children. The work of the PCD involves governments and research institutions in more than 14 countries. The Scientific Coordinating Center is located at Oxford University. Donors to the PCD include the Rockefeller Foundation, the James S. McDonnell Foundation, the UNDP, and the Edna McConnell Clark Foundation.) The drugs themselves are safe and effective and may be given as a single dose as infrequently as once a year. Thus, for many countries in need, the provision of anthelmintic treatment to school-age children may be the most appropriate, achievable, and immediate goal.
APPENDIX 1 A description of the cognitive test battery

Fluency
In three consecutive, timed trials, each of one minute, children are asked to name as many foods, animals, and finally as many types of clothing/things to wear as they can think of as quickly as possible. The score is the total number of different foods, animals, and clothes mentioned. The task involves both the central executive component of working memory and also long-term semantic memory.
Digit-Span Forwards
Digit-Span is part of the Wechsler Intelligence Scale for Children. 28 Numbers are read at the rate of one per second, and immediately after each trial, children are required to recall/repeat the string of numbers. The trials begin with three digits and increase by one digit at each level. There are two trials at each level and the task is stopped when an error is made on two consecutive trials. The score is the total number of correct trials. The test represents auditory working memory (phonological function).
Corsi Block
The Corsi-block is like a visual version of the Digit-Span Forwards test. It consists of a board approximately 8 ϫ 8 inches with 1.5 inch square blocks fixed on top in a random pattern. The tester points to the blocks in increasingly longer sequences and immediately after each trial, children are asked to point to the blocks in the same order as the tester. The trials begin with a sequence of three blocks and increase by one block at each level. There are three trials at each level and the task is stopped when an error is made on two consecutive trials. The score is the total number of correct trials. The test represents visual working memory (visual/ spatial sketchpad).
Picture Search
Printed in rows on the left side of the page is one target picture such as a face, snake, shell etc. On the right side of the page next to each target picture are eight other pictures. Children are asked to strike through any picture on the righthand side of the page that is the same as the target picture. There may be one, two, or three pictures that match the target picture on each row. Each page is timed. If a child misses a picture or puts a strike through a non-target picture, these are recorded as errors. The score used is the total time (seconds) taken to complete all three trials. The test measures children's focused attention and may be related to the executive system of working memory.
Free Recall
The test is comprised of three lists of 20 words in four subject categories (food, family relations, clothes, and parts of the body) each of five items. The words are the same in each list but presented in a different, random order. The list of words is read to the child at a rate of one word/second and immediately afterwards, children are given one minute to recall all the words in the list they can remember. The task is then repeated and given a total of three times. The score is the total number of words correctly recalled over all three trials. The test measures children's auditory long-term memory.
